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Introduction
Chemoprevention has been acknowledged as an important and practical strategy for the management of cancer. Many naturally occurring substances present in the human diet have been identified as potential chemopreventive agents (1) (2) (3) (4) . Animal investigations supported by epidemiological studies indicate that consumption of phytochemicals (compounds derived from plants, such as fruits and vegetables) might reduce the incidence of cancers and other chronic diseases (5) (6) (7) (8) (9) . Constituents and micronutrients in vegetables and fruits include phytochemicals, vitamins and minerals, which have been found to exhibit both complementary and overlapping mechanisms of chemopreventive activity in multistage carcinogenesis (10) .
A recent study demonstrated that topical application of plant-derived chemicals, such as caffeine or (-)-epigallocatechin gallate (EGCG), inhibit carcinogenesis and selectively increase apoptosis in UVB-treated mouse skin (11) . A previous study also indicated that whole fresh apple may have antioxidant and cancer chemopreventive activity (12, 13) . Whole-apple extracts were shown to inhibit tumor cell proliferation and the inhibitory activity could not be attributed solely to the ascorbate content of the apples (12) . It has been proposed that the consumption of whole fruits may provide the antioxidant balance needed to quench reactive oxygen species, which have been implicated in tumorigenesis (14) .
Previous studies indicated that activator protein-1 (AP-1) plays a critical role in tumor promotion (15, 16) . Increased AP-1 activity is associated with malignant transformation and the action of cancer promoting agents, such as UV radiation, growth factors, and transforming oncogenes (17, 18) . Blocking TPA-induced AP-1 activation has been shown to inhibit neoplastic transformation (19) . Furthermore, a recent study, using transgenic mice, has demonstrated that AP-1 transactivation is required for tumor promotion (20) . To elucidate the mechanism of the antitumorigenic effects of phytochemicals, we studied the effect of apple extract on UVB or TPA-induced AP-1-MAPK activation and neoplastic transformation.
Reports focusing on mechanisms for the possible chemopreventive effects of fresh fruits or vegetables are limited. In light of the important roles of ROS and AP-1 activation in tumor promoter-induced transformation and tumor promotion, we hypothesized that the anti-carcinogenesis effects of fresh apple may involve the inhibition of AP-1-MAPK activities due to the antioxidant properties of apples. In the present study, we evaluated the potential inhibitory effects of fresh apple extract on DMBA-TPA-induced skin papillomas in the mouse. We also evaluated the effects of these treatments on AP-1-MAPK activation induced by TPA or UV radiation and on neoplastic transformation induced by TPA in JB6 cells. The results of this investigation improves our understanding on the mechanisms by which dietary modulators and nutritional factors may control the production of ROS and result on activation of molecular signals involved in the initiation, promotion, and progression of environmentally induced neoplasia. Positive results would raise the possibility of isolating effective antioxidant compounds from natural foods for application in tumor prevention and treatment. cells were cultured in Eagle's MEM supplemented with 0.5% fetal bovine serum for 12-24 h to minimize basal AP-1 activity. The cells were then pretreated with apple extract for 2 hrs followed by exposure to TPA (20 nm) or UVB radiation (4 kJ /m 2 ) for 24 hrs to monitor the effects on AP-1 induction. Luciferase activity was measured using the luciferase assay kit obtained from Promega (Madison, WI) as described previously (21) .
The in vivo effect of apple peel extract was explored by using AP-1-luciferase reporter transgenic mice. The mice were given apple peel extract to drink (ad lib) and the dorsal skin was also treated topically with apple peel extracts six times, over a period of 6 days. On the fourth day of treatment the mice were topically exposed to TPA (5 g in 0.2 ml acetone) or UVB irradiation (10 kJ/m ). The luciferase activities were measured using dorsal skin punch biopsy samples as described early (22, 23) . Briefly, the skin tissues were biopsied by a 1.5 mm Biopsy Punch (Acuderm Inc. Ft. Lauderdale, FL) after exposure. The tissues will be dissolved in lysis buffer (from luciferase assay kit provided by Promega) at 4 C for 12 hrs and the luciferase activity in the supernatant was measured.
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Protein Kinase Phosphorylation Assay. Immunoblots for phosphorylation of ERKs, JNKs, and p38 kinase were carried out as described in the protocol from Cell Signaling Technology (Beverly, MA), using phospho-specific antibodies against phosphorylated sites of ERKs, JNKs, and p38 kinase. Non-phospho-specific antibodies provided in each assay kit were used to normalize the phosphorylation assay by using the same-transferred membrane blot.
ESR Measurements. All ESR measurements were conducted using a Varian E9 ESR spectrometer and a flat cell assembly. Hyperfine couplings were measured (to 0.1 G) directly from magnetic field separation using K 3 (22, 23) . The mice were housed in plastic filter-top cages on corncob bedding, provided autoclaved tap water and Prolab 3500 feed ad lib.
Both male and female mice (6-9 weeks old) were used, in groups numbering 19 to 24. The mice in the experimental group were given apple peel extract to drink (ad lib) 2 days before initiation treatment and this oral treatment was continued for the duration of the experiment. The negative and positive control groups were given regular water.
Dorsal skin of the mice was shaved, and 2 days later a single dose of 400 nmol 7,12-dimethylbenz [a] anthracene (DMBA) dissolved in 300 l of acetone was applied.
Fourteen days following initiation, the mice (except the negative control group) were promoted by dermal exposure to 17 nmol of TPA in 300 l of acetone twice a week for 20 weeks. The negative control group was treated with acetone only. The incidence of papillomas was detected by palpation, and the number of papillomas appearing on each mouse was recorded once a week. At the end of experiment, all the animals were sacrificed by i.p. injection of pentobarbital (6.5 mg / mouse). For histopathology, the largest tumors were removed and fixed in freshly prepared 4% paraformaldehyde followed by paraffin embedding and subjected to pathologic studies.
Statistics. Data are presented as means + standard errors of n experiments as noted in the figure legends. Significant differences were determined using the Student's t-test. Significance was set at P 0.05.
Results

Inhibition of Papillomagenesis and Malignant Transformation by Fresh
Apple Peel Extract. To study the chemopreventive activity of phytocompounds, the anti-tumorigenic effects of fresh apple were evaluated using experimental animals. In the mouse skin model, initiation can occur as a result of a single dose of DMBA that mutationally activates H-ras (27) . Promotion can be induced by repeated treatment with the tumor promoter TPA (28) . The mice bearing the luciferase reporter gene were subjected to DMBA initiation-TPA promotion. Fourteen days following initiation, the dorsal skin of the mice was exposed to TPA to cause promotion. Oral administration of apple peel extract was started 2 days before DMBA treatment and continued for the OH radicals, generated by the Fenton reaction, were inhibited by addition of apple peel extract in a dose-dependent manner (Fig. 4A, a- OH signals were similar, but the ascorbic acid-derived signal in f was 7 times greater than that in c.
Furthermore, the amount of ascorbic acid-derived signal in Fig. 4A d and (Fig.4B, b-e) . Pretreatment of JB6 cells with various dilutions of apple extract produced a dosedependent decrease in AP-1 activity induced by either UVB irradiation or TPA ( Fig. 5a and 5b). To determine if apple peel extract had any effects on cell proliferation or apoptosis or a combination of both, serial dilutions of apple extracts from 1:10 to 1:500 were used to study the effect of apple peel extract on cell proliferation and apoptosis using 3 H-thymidine incorporation and TUNEL (terminal deoxynucleotidyl transferasemediated dUTP nick end-labeling) assays. No significant differences were detected (data not shown). Therefore, the inhibitory effect on AP-1 activity was not attributed to a generalized inhibition of cell growth.
Inhibition
The in vivo effect of apple peel extract was explored using AP-1-luciferase reporter transgenic mice (26) . The mice were given apple peel extract to drink and the dorsal skin of the mice was treated topically with apple extract and then exposed to TPA or UVB irradiation. The luciferase activities were measured on dorsal skin punch biopsy samples. The apple peel extract significantly inhibited UVB-induced AP-1 activation at 24 hours (Fig. 6a) and TPA-induced AP-1 activation at 72 hours post-exposure (Fig. 6b) .
To rule out the possibility that the effect of apple extract may be due to blocking of UV radiation, we measured absorbance of UV light by apple extract and found no significant differences in absorption of UV light even at a 1:10 dilution (data not shown). (Fig.7a) , as well as TPA-induced phosphorylation of ERKs (Fig. 7b) , in a dose-dependent manner.
Effects of Apple
Fresh Apple Extract Inhibited TPA-induced Transformation. Previous studies using cell culture and transgenic animals indicate that AP-1 activation plays an important role in tumor promoter-induced neoplastic transformation (19, 20) . We hypothesized that one of the important anti-carcinogenesis mechanisms of apples may be by suppressing tumor promotion. Therefore, we tested the effect of apple extracts on TPA-induced cellular transformation. These studies were conducted on a JB6 cells model using soft agar assays (Fig. 8) . Apple peel extract inhibited TPA-induced neoplastic transformation in a dose-dependent manner. These data suggest that blocking of cell transformation by apple peel extract might be through the inhibition of AP-1 transactivation.
Discussion
The most effective way to prevent disease is to understand the cause of an illness and then change the conditions that permit it to occur. Recent evidence has shown the importance of nutrition in delaying the aging process and in protecting against many degenerative and chronic diseases (1) (2) (3) (4) (5) (6) (7) (8) . 
